ABSTRACT: Four highly variable microsatellite loci, Acs1*, Acs3*, Acs4* and Acs9*, were isolated and then used to investigate genetic diversity and population structure in black sea bream, Acanthopagrus schlegeli, collected from wild populations of six locations (western Japan and southern Korea), / and hatchery stock and post-stock populations from Hiroshima Bay. When allelic segregation of each .' microsatellite locus was examined using the single spawning pair and their progeny, all loci were well fitted to the Mendelian manner of inheritance. The genetic variations at these loci in the eight populations revealed high levels of variability. In the wild populations the mean number of alleles per locus was 10.8-13.5, and the mean observed hetrozygosity was 0.755-0.828. In contrast, these values in hatchery stock population were 10.0 and 0.776, respectively. Genetic distance indicates the existence of geographic divergence between western Japan and south Korea, and little genetic differentiation among populations in western Japan.
INTRODUCTION
The understanding of genetic divergence and diversity is one of the most important steps in managing fishery resources. A large number of artificially produced offspring have been released into the natural environment for stock enhancement without considering the influence on genetic structure. The broodstocks for seed production have a small gene pool, so the stocked offspring will cause a fluctuation in gene frequencies as well as the decrease of genetic polymorphisms 'in the wild. 1,2 Tessier et al. 3 have reported an extreme case in which stocked offspring caused major genetic drift and a 50% reduction in effective population size of a wild Atlantic salmon population. Therefore the stocking projects should be done with better understanding of genetic variation and divergence.
Microsatellite markers, tandem arrays of di-, trior tetra-nucleotide sequences flanked by regions of unique DNA sequences,4,5 have proved to be a powerful tool for the assessment of genetic divergence and diversity of many fish. 6-12 Several studies have used microsatellite DNA markers to study the genetic variability of artificially stocked seedlings. For example, studies have been conducted in amberjack,9 Japanese flounder 10 and red sea bream. 12 In Japan, black sea bream, Acanthopagrus schlegeli are an important commercial fisheries resource and are popular in sport fishing. The total amount, which exceeded 6 million, was stocked in 2001. Several researchers have tried to determine the fish quality and survival rates of this stocking seed. 13 -15 However, they could not determine the stock efficiency because of problems in tagging the stocked fish. Therefore highly sensitive genetic markers, such as microsatellite DNA, should be provided as a powerful tool.
The objective of the present paper is to report the isolation and characterization of microsatellite loci in wild black sea bream from western Japan and Korea. Using these loci, levels of genetic divergence and variation were surveyed in the stocking seed.
MATERIALS AND METHODS

Hatchery stocked samples
Hatchery-stocked black sea bream were produced by the Hiroshima City Marine Products Promotion Association in 1997. They produced 51 broodstock, composed of 29 female and 22 male fish. When the fertilized egg production reached its peak in May, the eggs were collected for 1 day and transferre~ to a rearing tank. After 2 months' rearing the hatchery stock population was collected prior to release.
. A total of 20 000 hatchery stock black sea bream with a mean total length of 4.0 cm, was released into Daio Bay of Nino-shima Island, Hiroshima Bayl3 where stock enhancement projects · have been carried out since 1979. The samples of poststock population were collected 10 days after stocking at the release. point. According to the previous study, these samples might be composed of 50% hatchery stock and 50% indigenous recruiters. 13 Wild samples Before the stocking was carried out at Daio Bay of Nino-shima Island, indigenous recruiters were collected by a throwing net as a wild population at Hiroshima (Hiroshima pupulation). Other wild populations in western Japan, Kochi (Susaki city, Uchinoura Bay), Mie (Watarai gun, Gokasho Bay), Nagasaki (Konagai city, Isahaya Bay) and Tottori (Sakaiminato city, Miho Bay), were sampled by angling in 2000. These samples ranged froml4.9 to 48.0 cm in body length. Wild population were also collected from Yosu city, in southern Korea, in 1999. Because Korea has not performed stock enhancement frequently, the Yosu samples will be a useful control when comparing frequently stocked populations in Japan. Sampling locations in the present study are shown in Fig. 1 . Fifty fish were sampled from each location except Nagasaki (n = 27).
Microsatellite analysis
The DNA extraction from muscle tissue was carried out by the standard sodium dodecylsulfate (SDS)-phenoll chloroform procedure. The extracted DNA were digested with Sau 3AI, and fragments ranging between 400 and 600 bp were selected on agarose gel. The size selected fragments were ligated into the BamHI site of pUC 18 plasmid vector. Positive transformations were screened by the chemiluminescence method with (CA) 10 synthetic biotinylated oligonucleotide. Positive clones were sequenced using ABI PRISM™ 373 A sequencer (PE Applied Biosystems, Japan). Primer sets of flanking micro satellites were designed using the DNASIS software version 3.2 (Hitachi Engineering, Japan) . In every set of primers, the 5' end of the reverse primer was labeled with biotin. Polymerase chain reaction (PCR) was carried out in 30 cycles of 1 min at 94°C and 30 s at the annealing temperature (Table 1) , and then extended by 30 sat n°e. Each PCR product (2-3 ilL) was electrophoresed in 8% polyacrylamide gel (7 M urea, 8% polyacrylamide). After the run, amplified DNA samples were transferred to the nylon membrane, and then detected by the chemiluminescence method (Sequencing high-Cycle; Toyobo, Japan). The size of the alleles was determined according to pUC18 ssDNA as the sequencer ladder.
Microsatellite loci were tested as to whether they inherit according to Mendelian manner or not. In the present study an inheritance experiment was conducted using a single spawning pair and their progeny, at the Hiroshima City Marine Products Promotion Association.
Data analyses
Genetic diversity for each location was evaluated by the number of alleles per locus, the observed heterozygosity (H o ), and the expected heterozygosity (He). Genotype frequencies at each locus in D-SJeonget al. in Table 3 . The number of alleles at each loci ranged from 6 to 21. Acs9* was particularly diverse with 16-21 alleles. The mean number of alleles per locus in the wild populations ranged from 10.8 to 13.5 and was higher than that of the hatchery stock population at 10.0. The mean Ho and He ranged from 0.751 to 0.842 and 0.774-0.826, respectively. The Ho of the Tottori population (at 0.751) and Kochi populations (at 0.755) were low among the eight populations. For mean He, the Kochi populations had the lowest value. Low levels ofHo/He were detected at the Acsl* loci in the Kochi and Tottori populations.
A deviation from Hardy-Weinberg equilibrium (HWE) assessed by the Markov chain procedure (P< 0.05) was observed in the Kochi, Tottori, Yosu, Hiroshima and the post-stock population at locus Acsl*. The deviation was also observed in Hiroshima and Mie populations at locus Acs3*, and in the Mie population at locus Acs9* (Table 3) . Table 4 shows allele frequencies in eight populations. At locus Acsl*, the allele 123 bp exhibited high frequencies ranging from 0.460 to 0.628 among the western Japan populations, while Yosu population was 0.277 only. Differences can be seen for the major allele 92'bp of locus Acs3 between both Nagasaki and Kochi popUlations, and other populations. The major allele of the Acs4* locus in Kochi population was 71 bp while that of other populations was 69 bp. The allele 85bp and 97bp at Acs9* locus in Kochi population was different from other populations.
The pairwise P ST test showed that the Kochi population was significantly different (P< 0.05) from all the other populations except for the Hiroshima population. Difference between the Nagasaki and Yosu population was also evident ( Table 5) . Table 5 A UPGMA dendrogram based on Nei's genetic distance is shown in Fig. 2 . No geographic relationship and genetically differentiated populations were found in the western Japan populations. However, slight genetic divergence was found between the Yosu and the western Japan populations. The hatchery stock and post-stock population exhibited little genetic distance from the wild Hiroshima population. 
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DISCUSSION
Microsatellites DNA markers are more polymorphic than isozymes in the analysis of genetic diversity. For example, in analysis of wild and hatchery-reared black sea bream with 42 isozyme loci, the number of alleles per locus ranged from 1.095 to 1.35 and the Ho ranged from 0.048 to 0.066. 19 In contrast, the four microsatellite loci y' used in the present study had a mean number of alleles per locus ranging from 10.0 to 13.5 and had a Ho between 0.751 and 0.842. On the microsatellite p~rformance in black sea bream, the number of alleles per locus was fewer than that observed in red sea bream 2 and Japanese flounder 10 but the Ho was similar to those reported in the two species.
For the hatchery stock population in Hiroshima Bay, the mean Ho and He were 0.842 and 0.776, . respectively. These values almost coincided with those estimated in wild populations. Based on the Ho and He. hatchery stock population seems to be conserved at a reasonable level of genetic variation. However, the lowest mean number of alleles per locus in hatchery stock population was noted, comparing with those in the wild populations. Therefore, to evaluate genetic diversity using microsatellite, the mean number of alleles per locus is a better indicator than Ho and He. The lowest value of the mean number of alleles per locus in hatchery stock population may be accounted for by the small number of broodstock (n = 51; composed of 29 female and 22 male fish).
A significant deviation from HWE was observed in some micro satellite loci of the western Japan populations with excess homozygosity. It is suggested that a large number of stocked fish might cause a mixing with indigenous populations and thus each population could include several separately spawning sUbpopulations. This situation was also suggested in red sea bream. 8 The explanation of mixing of stocked population with the indigenous population can be partly supported by the Kochi population. Here, 30% of them had a deformity in the internostril epidermis, which often arises under hatchery-reared conditions. 20 For genetic divergence in the wild population in western Japan, the significantly different P ST (P< 0.05) was detected only for the Kochi population, although the reason is not clear at present. As the mentioned here, it might be caused by a large number of stocking seed with genetic drift. Overall, according to the results of P ST and genetic distance on tpe dendrogram, black sea bream in western Japan have little geographic divergence. This conclusion is the same as that reported by Taniguchi et aI., in which three natural populations were not different by the homogeneity test using 42 isozyme loci. 19 Kijima and Fujio also pointed out relatively little genetic differentiation in black sea bream among Japanese marine teleostsY A question arises as to why black sea bream in western Japan could have little geographic divergence. This may .. be attributed to the random disperal of pelagic eggs and larvae, and extensive migration habit of the adult fish. The extensive migration of black sea bream was demonstrated by ultrasonic telemetry (Fukuda T, pers. comm., 2000).
The significantly different P ST was seen in the Yosu and Nagasaki populations. Moreover, there was relatively large genetic distance on a dendrogram between Yosu population and the western Japan populations. These results partly support the existence of genetically differentiated populations between western Japan and southern Korea. Further research will be required for better understanding of the genetic structure of the wild population of black sea bream, using a larger number of samples from more sampling locations.
Focusing on the hatchery stock and post-stock populations, there was little increase in mean number of alleles per locus from the hatchery levels and a decrease from wild levels in the poststock population. This can be partly explained by the mixing between the two populations. In fact, according to the mark-tracing experiment at Daio Bay of Nino-shima Island, the mixing rate of hatchery stock seed to the wild reached more than 50% at 10 days after stocking. 13 The negligible genetic distance between hatchery stock and post-stock population indicates that microsatellites developed in the present study have strong possibilities as a stock separation tool. From the viewpoint of conservation genetics, it is noteworthy that the little genetic distance between the hatchery stock and the wild Hiroshima population was marked.
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